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(57) Abstract: A CCD solid-state imaging element (CCD) is 
provided with a potential gradient where the potential related to an 
electric signal is varied sequentially from a photodiode toward a 
gate electrode. Specifically, impijrities constituting the photodiode is 
difiused into "X" shape so that the width of impurities is increased 
sequentially from the photodiode toward the gate electrode. When 
such a gradient is provided, an electric signal does not stand between 
the photodiode and the gate electrode but are transferred smoothly 
along the potential gradient. Consequently, the electric signal can be 
transferred from the photodiode to the gate at high speed. 
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[0014] ^(^^K^*. r(DJ;5^cC*tf l;iM^T^ce$tbfc^><DT*feoT. mUim'^^mmicm 
mir^^tf)^X^^^ (i) ^3fe§P>5^bM^ Wblf|5t-«^{t-^^^« 
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[0023] _hSE (ii) (Dmm^m^ir^ti}^ icMm^nt^. :L(Dx^fi:^m^m-^<^(Dmm<D 

:^titcmmt'^^wm'r^Mm(Dwm^t^mK.fm^m^xh<>x^ mmm^m 
Kmm\^tiwmn^^^^itm^mi^mmmi^x^if^^t^w^tir^h(Dxh^ 
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[0024] ^(Dmm<Dm^m^\^xth\^^ s^^pj*. AM^fitL^^mmmmmmir^^ 
§0 ^(Dt^^ ^^mbtp-e^^m^ttfcimMit^c^^pj^^^mi-^^iKw:/ 
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[0028] ^fc. ±m(i)(Dmm^m^ir^tim^Mm^tifc:z.(DmmtmmK. ±min)(Dm 
m^^ir^tiibKM\i¥^ntc^<DmmK:^\^x. mm^. m^m^xnhfhtcm 
mn^(Dy'—^^m\^^x^^^n^^wmm'^. 'f-^<D^^mmL-xmmi^ti'f 
-^^^^mmi^^mi-^mmmmt]^xm\^xhx\ m'¥i^<D^'^m%:m 
iA^. m72^~^titi^^^^^^mmm.m^imm\^xm^i^^mm-^m^ 

t^7i<mi$^^m^x\^^o *fc. mwmmi^^. mx.\tmmmm^n. ox ioVw-a/ 
#(1, 000, oooz7u—M./'m(DmMM^mm<Dx^K^'mMm^^MM\^^mir 
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[0029] ^(Dmmim^mi^mi^^^mth^m\^^fcmi^m^mmm^xthit. ^^m^ 
[0030] ^/c. ^(Dmm i^i^^m^m^isxu^th^m^^fcm^m^mmmi^^tiit. u 

[0031] mimmmiKm^ccTDmmi^M^m^ (ccd) (Dmf^^^iryti^y^mxh^o 

[02] (a) . ccr>^mm.ir^^^ <Dy:i-h^^4:t—h^:::t<Dmm^^ir^mmxm 

m3']m2t(Dit1^(Dtl}^(DmM(DCCr>(DnmmXh<3X. (a)}*, CCD^«^i-§ 

yi<'T:yiy^^vj^^(Dm^mx:h^o 

m^']mmmu^m^ccD^m^^fc^mm^mm(Dmm^^'r^^iy^mxh^o 

mxh^o 

memmmsK^^ccDmmw^M^m^ (ccd) (D«^^^i-:/n5/i^iii-efe^o 

[|l|7]CCD^«^-r§^>5r(D:7;^-h^^::^-Kr:^(Z)«^^^i-:/a-/i5^g|-efe§o 
[|l|8]^|fe^!|3lcl#5CCD^fflV>fcr^jgii#^g(D||Elll§^^i-:/n-/^|gT*fe5o 

[09] (i)(Dmm^m^ir:5tz.mcMm^ntcmmim^^:th^-h:^^t(Dmfj^^^ 
i-^mmx^:6o 
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[mil] (a) , (b) mM(DCcr>mmi^M^m^ (ccd) (D«^^^i-:/n5/i^Ei-e 

[0032] 1, 101 ••• CCD 

2, 102 ••• :7;j-hyvf:;t— K 

3, 103 ••• hft^ 

4 ••• ^^ffiCCD-fe/V 

4 ••• Pl^-fe/V 
1 

D •■• ^lKW>'«5t 

D ••• m2KW^«3t 

2 

F ••• '^^fi-^t^^tb 

[0034] ur. mm^mm\.x:z.(Dmm(Dmmmi^wi.mir:6o mm. ccdmh^:*^^ 

^(CCD)(D«j^^^i-^n5/^|l|-efc«9. 1112(a) Ji. CCD^^^i-^^^ (D:7;rh 
^V:^— Kr^cD^^^^i-^pSm-efei?. 1112(b) fi. m2(a)(DA-Bmm(Dyi<T> 
^^^/^^M^(Dm^MX-:h'0. UlSf*, E|2i!(Dit|^COfc2!?)CDtJ§5fe<DCCD(Dffcgg|g-e 

hox. 03 (a)}*. ccD^«^'r§#>5r(D:7;^-hy^::^— K::*^(D«j^^^i-5pB 

m-e^fj. iii3(b){*, m3(a)<DA-Bmm<^^T>i^^/^M^(Dm^mxh^. m4 

fi. ^ii^ill tC#;5CCD^^ V ^/cr^jgii#^g(Di!£|lf&^^-r7^n2/i^E|-efe;5o 

[0035] ccDi i^.mi i^^irx^ Aii^tifc^^m^m-^icm^ir^^tx^^^^ 
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[0036] ^wm^ccr>±/v4(D^ib. hothTmm<D^w^mccr>±/v4i^, mm^m 

o ;5K¥^fR] icmm^tifc^mmccD±/v4icmmB-^tL-xmm^^xwm\^ftih 
mj^mmmwm imtii^x. ^m<Dmm^mi^tixmmmti^Mo 

[0038] m2i&i-x^K. :7^h^^:t—}'^2^^h^—hnM3K\^:d^^xmMin'B'i^mi-^ 

^Ti^iy^/]^^mm^^^t-f-:^:^Ti^^^^/]ymip^mnx\^^o ts:^. m2t(Dit 

m(Dfc^\zm3(Dm^(^ccD^m^^^x. m^xtmi-^o -^tc 02, m3(Dy:i-h^ 

[0039] 03 (a) mM(DCCD5H^^ ^?l^J(^CD:7;^hir^:^— K52^WLTV> 

60 lll3(a)(DA-Bi^{*, :7;j-b^^:^— K52;?)^fey— b«^^53^A/-e*5«9. A-B 

mm(D^T>-y^7^n^m-i. 1113(b) ic^-f-x^ict^^, -rt^i^ib. :7;^h^v:^— ks 

2(Dmm^^^^h^'t-Hj&^X^T:yZy^/V7^m<ti:<^tim^. ^(D^^L^UjS::^^^^ 
— hm*53{;it)fcoTlllCW^/KD:e<7">'iy^/V^i!feofc*^i!7feSo bfc^^oT. 0 

3 (a) (D^'L?H^^c^0m) xmmn^':dm^o 

[0040] — 02(a) HJi^lllcDCCDlfi, irxJ^fii|^(Z):7;^h^V:^— K2^ 

Wb■rv^6o :7;j-h^^:^-K2^«^i-6^j^i^(^i|iS^. 1212(a) ti^i-J;5f-rLj^ 
-r^o irxJ^^)|^(D:7;*-hy^::^-K2«. ^Mi^(Di|.iLd5:7;t-by^::^— K2;?»^e>y-h 
m*3^CfB];6^oTM^^;IJ[S;aSoT«^$nTV^§o 03(a)^|^#tC. |l|2(a)(DA-B 
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m-i. EI2(b) K^i-X^Kfj:^o irfj:i^ib. ia2(b) K2 

[0041] fj:^. ccrxDM^m^^^ ^T. 02 (a) K^irX^ti:^xI^m^^mm^mm ( 

o 5^*5, ^»iji-e{*. oxioVi/— 000, ooo:7w— A 

/#)(Di^3g^i^^glo^fflv^■rv^;5o ftjiii#^©iof*. K^#:cD3fe#^^^ 

«9iA^. :5l«932.*tbfc3fe^#^:7;j-h^^;^-K2;i5S^ft-^l-^mbTM^^^|g 

'So 

[0043] 3fe^^20{*. M^#:(^3fe^#^^?)7Atpi/>^X2l^. 4?i—i^4>'T>^iy:7r4T 

g|550fi. Hft^ail^§R40-e'f«$tLfc2^5uHft^tB'Iti-^o ^^^60{*. M 
#SEllg|550i^|Ell$tl./c2^5nW#^Wffit^m;^-r§o #f^§|S70fi. 

i^f£t^(Dmm^vtii!)^<^xmm^i^^mmmmir^o w>'X2i{*. r(D^0j{;i*5ft 
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[0044] ±^l.fcCC^>l^XXJ^^n^m^^^fcmMM^mUl0^z.Xi^vi-£^ :7:i-h^4:t—'F2 
[0045] *fc. ^ife^Jl-trf*. :7;^h^V:t— KlO^«j?fei-§^Mi^(^i|'SL^, :7;^-h^V:^— 

o 

[0047] Elffi^#fi^b-Ci(D|§5gC0||Jfe^!|2^ffc5gf So 05}*, %Wm\C^^OC, 

[0048] ^Ji0^J2-t:1i. CCDlfi, tt§5l5(DCCD51(0:7;^hi5'V:^— K52(|1|3^#M) irl^C 
?l^Jl^-efe6^?1^)|^(^:7;j-h^^;^-K2^^LTV ^6o 7;^-h^-f^-K2^«^i-S^ 
*iei^C)^iS/?>5, :7;j-hy-r:^— K2;5^^>y— h««3{;ifB]>?)^o-C3^^(;ir«<^^SJ;5f-*£ 

1 

. a . a . a tEMt-S^. IR^a . a . a . a (Z)Mtc:K-tV^'$tl.S:^M^<^liS;05 

2 3 4 1 2 3 4 

[0049] ^^i^[I2(^j;^^«. :7;^h^V;t— K2^«^i-S/f^#rfii^<D|gS^. :7;^h^"-r:^-K 

2)5^^)^— ^m^§i3{^fB]^^oT5^^^;li^<i-s^i:-T?^7^>'^/-r/^<feJiSP^^^t-rv^s 

o 
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[0051] m^. mm^»mL^x^(Dmm(Dmmm3^nm'r^o laej*. mmm3icm^cc 

r 1 60 J . ^<ttl3(^^f r 1 70 J . fijij Wt^^g^-^^ r 1 80 J i!-rSo 

[0054] ^Ji^[l3-t:1i. CCDlOlfi, :7;^h^V:^— Kl02i:<>^— hm^l 

03^^m^(^^»ffiCCD-fe/V104^M^3^B&105^;^c5p^3^j^l06^^#^T 

v^6o CCD101^^. ^o^Kf^*5{t6ii#9^^^t;m'^U :7;t-hy^:^— kio2(*, r 

[0055] hm^io3-e^^t±i$ti.fcm^fa-^(D^pj5>^#m-r^fcj?)(3:, mriii^-r 

1 

In] ^SLTlSft-CV ^;5o VWm 103 ^Sbfc#^ffl CCDir/V 1 04^m(^ 

^^ffl ccu^/u io4t^mm'r^fMz., hmm io3k mmi^tc^mm ecu 

i03t^p^bTK:(tTt)J:v\ 

[0056] ^fc. 7V^— 5>^i5^'^g;&ihi--<<:7;i-h^V:^— Kl02tC*5}t§«^ft-^(D^||iJ^^ 
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2 

2 

[0057] 06. mviZT^irccDioi^. mMms^^i-iMMmitmmcomMMi^^m^^^^ 

x\^^^o mMm3'Vh. oxio'^v— ooo, 

CD 10 1 tAD=i ^ 1 30i:llf^^aiil#gP 140i:W^f BitgP 1 50 1^^^ 1 60 

i!m'ft§i5i7oi!0j^§i5i8o^'(ix.Tv>^„ mmm^mmioi-i^ ^(D^micmf^ 

[0058] t^3Sii^^Miio{^{i;t.^>ttfc3fe#^i2o/cC^(D«^i;iov^-cf*. Mmmitm 

[0059] _hx&bfcCCD101*5a:tJ«-?rtbMv>fci^jgig^SMllO(c:j;tLfi. 

-K102}*. xmtfhti%^m.m.m^K^mrr^^tx%^^%\^x^ ^-vmrnio 
^^ccD-fe/no4fi. -ecD^^— hm^Mio3-eM^m$tLfcmMt-^^-^ti.-^'ti.^ 

ai-^o ^(Dt^^ hSffiio3-e^^m$ti.>^c«^ft-^<D^pj^^#mi-60i 

KW>-fll5tD y-b««103t;i^^LfcP^g-fe7H04 . i-Jfetr^^^^fflCCD 

1 1 

1 

D-fe/H04J;«9t>TMJ(-m^ft^^nMt-fe3^«^^dS-e#§„ ^fc. miKW 

[0060] *fc. ^W!j3^1i, y/V— 5^^:^^^g5il:(DfcJe)t:i. :7;^h^V:^— Kl02{C*5(t^m 

2 

2 

^Ps^-r^^tti^x^^o 
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[0061] ^/c. mmm3(Dmmm^mmio<Dx^ mmt'^^Mmi^mmir^^^iz. 
[0062] ^(D^Mi^. ±mmm^m\^mhn^^t\^fj:<. rm(Dx^iz:mMmmir:6^tii^ 
[0063] (1) _hiRb^c#ii»!j'efi. mmm^mm^mi^oxmmi^fc^K m^mm^^ 

100, ooo:7w— i^/'#7fe«(DMl-(D|g#^S-efeoTt> J:v 
[0064] (2) _hi6b/c#^ife^!|-e«. CCD/^if (cift^^tbSitm^^^^ffl V 

[0066] m^. -biB (i) (iiiij^'^^tvfc^sg ^^h^-hKmrn-r^ 

m-^Kit. irtf:^-^mmMi, 2K^\^x:7^h^^—h^^^^tL-xm\^^^m^Kn 

. y:^h^—hmm(Dn^m^x<^xyi^T>'iy^/i^m^^mii^n\tx\\ F!Jx.«\ m9\z 

^—h^m)^'r^^mm(Dm&^^'Jik^mmm(7)Xoi'^\.xhx\\ ^tc^ ^mmK 
x^x:^T^^iy^/vm^^mf^tth '7^h^—hm.m(Dj^m^^<^xh^y'^^i^ 

•>r/v^m^^ifXhX\ \ 

[0067] (4) ±m\^fcmmmiXl^. Il|2t^^i-J;5f-. K2^rxJ^t^(^L-C. 

[0068] (5) ji^^bfciijg^j 1 tmmm2t^m.^-^^'^xhx\^ \ i-^^t?-^ . ^m^<Dmi^ 
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[0069] (6) ±mvfcmmm3-vi-i. m2vu^>m^^^hKmiffc^\ :f/i-—v^^^m:i 

[0070] (7) ±^L.fcmMm3Xi^. m7K^irX9K. ^2KW^«5tD Bl7t^^i-j; 

2 

2 

[0071] (8) _h^b/c^it^illi:^»[|3. I^M^[j2i:^Jg^[l3. fe^V^«^ii^[|l~||Ji0ll 
[0072] J^_hcDj;5(-> ^(D^gaj*. ii^3SS;0Sioo, OOO^V-— ^/^J^JKDrftiiii^t;! 



wo 2005/096385 16 PCT/JP2005/005911 

%^i)^hmwM^mM>K\^t^<>xmm^M<ir^^txmm^^'T^^ 
[4] mim.iKmm(Dm.mM^\^^\^x^ mm^^m-i^^vy^^t—^x^^^t^ 

[6] AM^ntiyt^mmmm^mmir^^txyt^^yti-^^^^t^ ^(D^ytm^h 
mmx^^x^ ^ytm^hmmm^mvm^\^^^-oxmM.m'^imir^^'Tiyiy^ 
[7] mMm6i^mm<Dmwm^mmmi^^\^^x^ mm^^^^m^'r^^mm<Dm 

m.^. ^^nt^hmmm^m^m^\^i)^^xmm^m<ir^^bxmm-^'T>'iy^ 
[9] mim.QKum<Dmmm^mmwK^\^x. mmmun.. w^w-(o%^m.^wo 
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